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Millet (Panicum miliaceum L.) flour represents potential raw material for the production of gluten-
free products. Since bread of satisfactory quality cannot be produced using pure millet flour, various 
structuring agents are used to improve its textural properties, such as different hydrocolloids, 
starches and proteins. Proteins from different sources have been chosen for this study because they 
are not considered as additives (do not possess E-number). Additionally, they improve nutritional 
profile of millet bread since millet flour has low protein content.
Four types of proteins were used for the production of millet bread: pea protein concentrate, rice 
protein concentrate, pumpkin oil cake protein isolate and whey protein concentrate. Bread 
formulation consisted of millet flour, sugar, yeast, salt and water (110 % of hydration on the millet 
flour basis). Proteins were used to substitute 10 % of millet flour in bread formulation. Dough 
prepared without addition of yeast was used for the determination of rheological properties to avoid 
their change during fermentation. Small deformation dynamic oscillatory measurements of doughs 
were performed using a Haake MARS rheometer (Thermo Scientific, Karlsruhe, Germany) at 
temperature of 25 °C, equipped with a parallel plate geometry PP60 (60 mm diameter and 1 mm 
gap). Dough was left to rest 300 s before measurement. Frequency sweep (mechanical spectrum) 
was recorded over the range of 0.1 - 10 Hz at 0.1 Pa stress, which was within the linear viscoelastic 
region as previously determined by stress sweep test.
In this experiment, doughs prepared from millet flour substituted with different proteins differed 
mainly by the origin of proteins. Namely, dough prepared with whey protein can be characterized as 
viscoelastic liquid, contrary to other doughs. That can be easily seen from phase angle ( ) values, 
which were similar for all doughs (9 - 19°), except for dough prepared with whey protein 
concentrate, which had phase angle in the range from 66 to 79°. Beside loss modulus (G'') values 
higher than storage modulus (G') values, dough prepared with whey protein concentrate also had
lower values of both moduli when compared to other doughs, including control dough. The 
substitution by pea protein concentrate led to increase of both moduli when compared to control 
dough, while substitution by rice protein concentrate did not influence viscoelastic properties of 
millet dough to a greater extent. Pumpkin oil cake protein substitution led to lower values of moduli 
than control dough. However, this dough still maintained characteristics of viscoelastic solid (G' < 
G'').
Keywords: rheological properties, millet, pea protein, rice protein, pumpkin oil cake protein, 
whey protein
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Proseno (Panicum miliaceum L.) brašno predstavlja potencijalnu sirovinu za proizvodnju 
zato 
što se ne smatraju aditivima (nemaju E-broj). Pored toga, proteini poboljšavaju nutritivni profil 
prosenog hleba jer proseno brašno ima nizak sadržaj proteina.
a, 
uciju 10% prosenog brašna u formulaciji 
em Haake MARS reometra (Thermo Scientific, Karlsruhe, Germany) na 
-
U ovom eksperimentu, testa pripremljena od prosenog b
su serazlikovala prevashodno prema poreklu proteina. Naime, testo pripremljeno sa proteinima 
faznog ugla ( - 19°), osim za testo sa 
proteinima surutke, koje je imalo fazni ugao u opsegu od 66 do 79°. Pored vrednosti modula 
gubitka (G G'), testo pripremljeno sa 
stog tela (G'' > G').
bundeve, protein surutke
